has been reported to function as both a tumor suppressor and oncogene in several cancer types, including gastric cancer, hepatocellular cancer and lung cancer. However, the biological function of miR-96-5p and its precise mechanisms in oral squamous cell carcinoma (OSCC) have not been well clarified. The aim of this study was to study the roles of miR-96-5p/ FOXF2 axis in OSCC. In this study, the miR-96-5p level was dramatically enhanced in OSCC tissues and cell lines, and the FOXF2 expression was significantly reduced. In addition, the FOXF2 expression was negatively related to the miR-96-5p level in OSCC tissues. Furthermore, downregulation of miR-96-5p obviously restrained OSCC cell proliferation, invasion and EMT. We confirmed that miR-96-5p could directly target FOXF2 by luciferase reporter assay. Moreover, knockdown of FOXF2 also could markedly promote the proliferation, invasion and EMT of OSCC cells. Finally, overexpression of FOXF2 in OSCC cells partially reversed the promoted effects of miR-96-5p mimic. Knockdown of miR-96-5p restrained OSCC cells proliferation, invasion and EMT via regulation of FOXF2.
INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer worldwide. It is reported that 1.6 million new cases of HNSCC are diagnosed each year, and half of HNSCC is oral squamous cell carcinoma (OSCC) with 333,000 deaths (Warnakulasuriya, 2009) . Although there are several therapeutic treatments such as chemotherapy combined with radical surgery and surgery combined with radiation, the 5-year survival rate of OSCC is only approximately 50% (Leemans et al., 2011) . The pathogenesis of OSCC is complex, and many genes and pathways are involved in it. However, the mechanism of OSCC development remains unclear.
MicroRNAs (miRNAs) are a family of small, endogenous noncoding RNAs. They regulate the translation or induce degradation of specific protein coding genes through binding to the 3′-untranslated regions of the mRNA (Ambros, 2004) . According to bioinformatic analysis, it was predicted that miRNAs targeted more than 60% of human genes (Xu et al., 2014) . Previous reports demonstrated that altered miRNA expression participated in tumorigenesis and the development of various cancers (He et al., 2005 (He et al., , 2007 Feng et al., 2018) . Thus, miRNAs are thought to be markers of cancer diagnosis, progression and prognosis (Bartels and Tsongalis, 2009) . Many human miRNAs have been confirmed to be dysregulated in OSCC, including miR-543, miR-4513, miR-31, miR-223 and miR-125b (Wang et al., 2019; Xu et al., 2019; Kao et al., 2019; Jiang et al., 2019; Chen et al., 2019) . Up until now, miR-96-5p had been reported to function as an oncogene in ovarian cancer, HNSCC, hepatocellular carcinoma Vahabi et al., 2019; Iwai et al., 2018) , or function as a tumor suppressor in colorectal cancer (Ress et al., 2015) , the functions of miR-96-5p in OSCC were rarely explored previously. Therefore, we investigated the functional roles and mechanisms of miR-96-5p in OSCC.
Forkhead transcription factors are characterized by a winged helix DNA-binding domain and are essential for embryogenesis (Kaufmann and Knöchel, 1996) . Some of them, such as FOXQ1, FOXQ3 and FOXO1, have been identified as regulating tumorigenesis and tumor progression (Mottok et al., 2018; Saito et al., 2016; Chae et al., 2019) . It has been reported that the Forkhead box F2 transcription factor (FOXF2) functions as tumor suppressor in breast cancer, gastric cancer, colorectal cancer, lung cancer and hepatocellular carcinoma (Cai et al., 2015; Higashimori et al., 2018; Zhang et al., 2015; Kundu et al., 2016; Shi et al., 2016) . However, the expression of FOXF2 and its functional roles in OSCC are still unknown.
Here, in order to investigate the functional role of miR-96-5p in OSCC, we detected the miR-96-5p level in OSCC tissues and cell lines. Next, we predicted that miR-96-5p directly targeted FOXF2 according to the online database TargetScan 7.2. For further study, we explored the relationship between miR-96-5p and FOXF2 in OSCC tissues. Lastly, the effects of miR-96-5p or FOXF2 overexpression on proliferation, invasion and EMT of OSCC cells were determined.
RESULTS

High level of miR-96-5p in OSCC tissues and cells
In this study, the miR-96-5p level in OSCC tissues and cells were detected by using qRT-PCR. Our findings demonstrated that the miR-96-5p level in the OSCC tissues was higher than that in the adjacent tissues ( Fig. 1A) . Next, the data further confirmed that the miR-96-5p level was higher in Tca8113 and Cal-27 cells than that in the other three OSCC cell lines ( Fig. 1B) . Therefore, Tca8113 and Cal-27 cells were used in the following experiments.
The effect of miR-96-5p on proliferation of OSCC cells After transfection with miR-96-5p mimic or inhibitor, the results showed that the miR-96-5p level was significantly upregulated or downregulated in a miR-96-5p mimic or inhibitor group compared to a negative control (NC) group ( Fig. 2A ), respectively. To study the role of miR-96-5p in regulating Tca8113 and Cal-27 cell proliferation, our results suggested that the introduction of miR-96-5p significantly promoted Tca8113 and Cal-27 cells proliferation ( Fig. 2B ). However, transfection with miR-96-5p inhibitor suppressed the cell proliferation of Tca8113 and Cal-27 cells compared with the NC group (Fig. 2B ). Next, overexpression of miR-96-5p enhanced expression of CDK4 and cyclin D1 and reduced the expression of p27 at mRNA level (Fig. 2C ). In addition, downregulation of miR-96-5p had the opposite effect on regulating expression of these cell cycle genes (Fig. 2C ).
The effects of miR-96-5p on invasion and EMT in OSCC cells
Compared to the NC group, the results from the Transwell assays showed that increased miR-96-5p level significantly enhanced the number of invading OSCC cells (Fig. 3A ). In addition, we detected MMP-2, MMP-9 and TIMP-1 expression by ELISA and qRT-PCR assays. The results indicated that MMP-2 and MMP-9 expression were markedly increased by enhancing miR-96-5p level in Tca8113 and Cal-27 cells ( Fig. 3B ,C), while expression of TIMP-1 was dramatically decreased (Fig. 3B ,C). Finally, our results suggested that the epithelial marker E-cadherin was significantly decreased after overexpression of miR-96-5p. By contrast, introduction of miR-802 increased the mesenchymal markers N-cadherin and Vimentin expression ( Fig. 4) , while the miR-96-5p inhibitors showed the opposite effect ( Fig. 4) . Taken together, we demonstrated that miR-96-5p could promote the progression of OSCC by repressing proliferation, invasion and EMT of OSCC cells.
miR-96-5p directly targeted FOXF2 3′UTR
We found a miR-96-5p binding site in the 3′UTR of FOXF2 by using TargetScan 7.2 online database ( Fig. 5A ). Then, we found that FOXF2, a critical oncogene, is a direct target of miR-96-5p by luciferase reporter assay. Introduction of miR-96-5p significantly suppressed WT FOXF2 reporter activity but not the activity of the mutated reporter construct in Tca8113 and Cal-27 cells, suggesting that miR-96-5p could specifically target the FOXF2 3′UTR by binding to the seed sequence ( Fig. 5B ). Upregulation of miR-96-5p could significantly reduce FOXF2 expression, whereas downregulation of miR-96-5p enhanced FOXF2 expression ( Fig. 5C ). These results suggested that miR-96-5p directly targeted FOXF2 through 3′UTR sequence binding.
Next, FOXF2 expression was detected by qRT-PCR in OSCC tissues. Our results demonstrated that FOXF2 expression was obviously downregulated in OSCC tissues compared with the adjacent tissues ( Fig. 5D ). Next, we also determined the FOXF2 expression in five OSCC cell lines (such as SCC1, SCC4, Tca8113, Cal-27 and HSC-2) and a human normal oral keratinocyte cell culture (NHOK). The FOXF2 expression in Tca8113 and Cal-27 cells was lower than that in the other three cell lines ( Fig. 5E ). Finally, Pearson's correlation analysis revealed a significant inverse correlation between FOXF2 and miR-96-5p in OSCC tissues ( Fig. 5F ). From the above data, we predicted that miR-96-5p might negatively regulate FOXF2 expression.
Knockdown of FOXF2 promoted OSCC cells proliferation, invasion and EMT
To investigate the functional roles of FOXF2 in OSCC cells, the proliferation and invasion of OSCC cells were detected after transfection with si-NC or si-FOXF2. Transfection with si-FOXF2 significantly decreased the FOXF2 expression in Tca8113 and Cal-27 cells compared with the si-NC group (Fig. 6A ). Then, we found that silencing FOXF2 evidently promoted the proliferation of Tca8113 and Cal-27 cells (Fig. 6B ). Next, a Transwell assay revealed that decreased FOXF2 expression accelerated invasion of Tca8113 and Cal-27 cells ( Fig. 6C ). Moreover, knockdown of FOXF2 markedly upregulated expression of MMP-2 and MMP-9, and downregulated expression of TIMP-1 in Tca8113 and Cal-27 cells ( Fig. 6D ). For further study, downregulation of FOXF2 reduced the expression of E-cadherin, and enhanced the expression of N-cadherin and Vimentin (Fig. 6E ). Consequently, silencing FOXF2 remarkably restrained OSCC cell proliferation, invasion and EMT.
miR-96-5p markedly promoted the proliferation, invasion and EMT of OSCC cells through regulating FOXF2 expression
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we co-transfected NC or miR-96-5p mimic with pcDNA3.1 or pcDNA-FOXF2 into Tca8113 and Cal-27 cells ( Fig. 7A ).
Overexpression of FOXF2 abrogated the promoted effect of miR-96-5p mimic on cell proliferation ( Fig. 7B ). At the same time, expression of cyclin D1 and CDK4 was decreased and expression of p27 was increased in miR-96-5p-overexpressing Tca8113 and Cal-27 cells after exogenous FOXF2 upregulation ( Fig. 7C ). Next, the data showed that FOXF2 overexpression partially reversed the invasion of Tca8113 and Cal-27 cells promoted by miR-96-5p mimic (Fig. 7D ) through decreasing MMP-2 and MMP-9 expression and increasing TIMP-1 expression ( Fig. 7E ). Next, overexpression of FOXF2 inhibited miR-96-5p mimic-induced EMT of OSCC cells (Fig. 7F) . Numerous studies have found that miR-96-5p not only affected cell proliferation, but was also closely associated with prognosis in cancers including ovarian cancer, HNSCC, hepatocellular carcinoma and colorectal cancer Vahabi et al., 2019; Iwai et al., 2018; Ress et al., 2015) . In this study, our results showed that the miR-96-5p level was upregulated in OSCC tissues compared with the adjacent normal tissues. In addition, miR-96-5p level was also upregulated in OSCC cell lines compared with NHOK cells. Moreover, we, for the first time, explored the functional roles of miR-96-5p in OSCC cells. We found that overexpression of miR-96-5p more significantly promoted OSCC cell proliferation than the cells transfected with NC, whereas downregulation of miR-96-5p inhibited OSCC cell proliferation. Cell cycle regulation involved complex events, such events revealed that cell cycle related proteins provided a promising mechanism for the inhibition of growth (Qiu et al., 2017; Wang et al., 2015) . An earlier study suggested that the upregulation of cyclin-dependent kinases (CDKs) and cyclin (D1 and E1) participated in cell cycle progression and arrested cells at the G0/G1 phase . p21 and p27 have been reported as inhibitors of CDK protein with an anti-proliferative effect on mesangial cells (Wang et al., 2011) . Here, we also found that introduction of miR-96-5p enhanced expression of CDK4 and cyclin D1, while it also reduced p27 expression.
Invasion is one process of metastasis. Here, the data indicated that an increased or decreased miR-96-5p level significantly inhibited or enhanced, respectively, the invasive ability of SCC1 cells compared with the control group. Furthermore, one very important step in cancer cell invasion is that proteolytic enzymes degrade the extracellular matrix (ECM) components (Simpson-Haidaris and Rybarczyk, 2001) . Moreover, the MMPs degrading the ECM process contributes to cancer cell angiogenesis, invasion and metastasis (Bogenrieder and Herlyn, 2003; Vihinen and Kähäri, 2002; Sounni et al., 2003) . Both MMP-2 and MMP-9 degrade components of the basement membrane to promote cancer invasion (Vihinen and Kähäri, 2002; Hornebeck et al., 2002; Klein et al., 2004) . Moreover, it is reported that the imbalance between TIMPs and MMPs is important in the early stages of tumor progression (Herszényi et al., 2012) . Next, upregulation of miR-96-5p significantly decreased expression of MMP-2 and MMP-9, and increased TIMP-1 expression in Tca8113 and Cal-27 cells, whereas downregulation of miR-96-5p enhanced both MMP-2 and MMP-9 expression and reduced TIMP-1 expression. The EMT process has been confirmed to be critical in cell invasion in types of cancer (Christiansen and Rajasekaran, 2006) . At the molecular level, EMT is characterized by downregulation of the epithelial marker E-cadherin and cytokeratins, with upregulation of mesenchymal markers like N-cadherin, Vimentin and fibronectin (Yao et al., 2011; Gheldof and Berx, 2013) . We found that the introduction of miR-96-5p promoted the EMT of OSCC cells by decreasing E-cadherin expression and increasing N-cadherin and Vimentin expression. All the above results indicated that miR-96-5p restrained cell proliferation, invasion and EMT of OSCC.
It is well known that miRNAs perform their function by regulating the expression of their target gene. Thus, we explore the functional target gene for miR-96-5p, which is involved in OSCC progression. TargetScan and luciferase reporter assay suggested that FOXF2 might be the functional target gene of miR-96-5p. Furthermore, increased expression or knockdown of miR-96-5p significantly inhibited or promoted FOXF2 expression, respectively. FOXF2 is a tumor suppressor and participates in the development and progression of multiple cancers (Cai et al., 2015; Higashimori et al., 2018; Zhang et al., 2015; Kundu et al., 2016; Shi et al., 2016) . In our study, we also observed that FOXF2 expression was frequently at low levels in tumor tissue when compared with its paired non-tumor tissue, which agreed with previous studies in breast cancer, gastric cancer, colorectal cancer, lung cancer and hepatocellular carcinoma (Cai et al., 2015; Higashimori et al., 2018; Zhang et al., 2015; Kundu et al., 2016; Shi et al., 2016) . Hence, our results indicated that FOXF2 expression might play a cardinal role in tumorigenesis of OSCC. Besides, miR-96-5p level was inversely correlated with FOXF2 expression in OSCC. Moreover, the data showed that silencing FOXF2 could restrain the proliferation, invasion and EMT of OSCC cells. Next, our results showed that overexpression of FOXF2 inhibited the proliferation, invasion and EMT of OSCC cells promoted by upregulation of miR-96-5p. Our findings demonstrated that miR-96-5p might act as an oncogene in OSCC by directly targeting FOXF2. Altogether, the miR-96-5p level was dramatically upregulated and the FOXF2 expression was significantly downregulated in OSCC tissues. Introduction of miR-96-5p promoted proliferation, invasion and EMT of OSCC cells by directly downregulating FOXF2 expression. Hence, these findings suggested important roles for miR-96-5p/FOXF2 axis in the OSCC pathogenesis and its potential application in cancer therapy.
MATERIALS AND METHODS
Human tissue samples
Thirty pairs of human OSCC tissues and their adjacent non-cancer tissues were collected from patients at the Beijing Chaoyang Hospital, Capital Medical University between Feb 2018 and Feb 2019. All samples were immediately frozen in liquid nitrogen for subsequent quantitative RT-PCR and western blot analysis. All participants signed a written informed consent form. This study was approved by the Ethical Committee of Beijing Chaoyang Hospital, Capital Medical University (BCH2018011208) and complied with the guidelines and principles of the Declaration of Helsinki.
Cell culture
The human OSCC cell lines such as SCC1, SCC4, Tca8113, Cal-27, HSC-2 and the normal human oral keratinocyte cell lines (NHOK) were purchased from the American Type Culture Collection (ATCC, USA). All the cells were cultured in the DMEM/F12 medium (GIBCO, USA) containing 10% FBS (GIBCO, USA) and penicillin/streptomycin (100 U/ml and 100 mg/ml, respectively) (GIBCO, USA) at 37°C in a humidified atmosphere of 5% CO 2 .
Transient transfection
The miR-96-5p mimics, miRNA-NC, miR-96-5p inhibitors, si-NC and si-FOXF2 were purchased from Gene-Pharma (Shanghai, China). The FOXF2-overexpression plasmid was generated by inserting FOXF2 cDNA into a pcDNA3.1 vector, which was sequenced and confirmed by Gene-Pharma. The miR-96-5p mimics, NC, miR-96-5p inhibitors, si-NC, si-FOXF2, pcDNA3.1 vector and FOXF2-overexpression plasmid were transfected using Lipofectamine 3000 reagent (Invitrogen, USA) per the manufacturer's protocols. Cells were transfected for 48 h, and total RNA and protein were collected.
Isolation of RNA and quantitative polymerase chain reaction analysis
Total RNA from OSCC cells were extracted using TRIzol (Invitrogen, USA) following the manufacturer's protocols. MiRNA-specific RT primers (RiboBio, Guangzhou, China) for miR-96-5p and random primers (TaKaRa, Dalian, China) for mRNAs were synthesized. Quantitative polymerase chain reaction (qPCR) was used to measure reverse-transcribed cDNA with SYBR Green PCR Kit (QIAGEN, Shanghai, China) under the following conditions: pre-denaturation at 95°C for 5 min, denaturation at 95°C for 10 s, annealing and extension at 60°C for 30 s, the followed steps were running for 40 cycles. The relative miRNA and mRNA expression levels were normalized by U6 and GAPDH, respectively. The relative expression levels of miR-96-5p, FOXF2, CDK4, cyclin D1, p27, MMP-2, MMP-9 and TIMP-1 were normalized to those of internal control U6 or GAPDH using the comparative delta CT (2 −ΔΔCt ) method. Prime sequences are shown in Table 1 .
Protein extraction and western blot analysis
Transfected cells were lysed with RIPA lysis buffer (Thermo Fisher Scientific, USA) containing protease inhibitors (Thermo Fisher Scientific, USA). The concentration of extracted protein was measured by using a BCA protein assay kit (Thermo Fisher Scientific, USA). Equal amounts of protein were separated with 10% SDS-PAGE and transferred to polyvinylidene difluoride (PVDF) membranes (Millipore, USA). The membranes were then blocked with 5% non-fat milk (BD Biosciences, San Jose, USA) in TBST for 1 h at room temperature, followed by incubation with primary antibodies of FOXF2 (ab23306), cyclin D1 (ab16663), CDK4 (ab108357), p27 (ab32034), MMP-2 (ab97779), MMP-9 (ab38898) and TIMP-1 (ab109125) (Abcam, USA) overnight at 4°C. Subsequently, the membranes were washed with TBST three times and probed with the corresponding horseradish peroxidase-conjugated secondary antibodies (Cell Signaling Technology, USA) for 2 h at room temperature. ECL reagent (Pierce) was used to detect the signals on the membranes.
Transwell invasion assay
After transfection, cells were resuspended in serum-free DMEM/F12 medium, and then were seeded into the upper chamber (Corning, New York, USA) coated with matrigel (BD Biosciences, San Jose, USA), and medium containing 10% FBS was added into the bottom chamber. After incubation for 24 h, cells remaining on the upper membrane were carefully removed, and those migrating to the basal side of the membrane were fixed with 4% paraformaldehyde and stained with Crystal Violet (Sigma-Aldrich, St Louis, USA) for 30 min. Finally, migrated cells in random three visual fields were photographed and counted under a microscope (Olympus, Tokyo, Japan). Finally, the washing solution was examined at 540 nm for the counting of the number of OSCC cells.
Measurement of MMP-2, MMP-9 and TIMP-1 levels by ELISA assay
According to the protocol, the supernatants of OSCC cells were collected after treatment, and the concentrations of MMP-2, MMP-9 and TIMP-1 were measured using a sandwich ELISA kit (USCN, USCN Life Science, Wuhan, China) according to the manufacturer's instructions. Briefly, the primary antibody was coated onto ELISA plates and incubated for 2 h at room temperature. Samples and standards were added to the wells and incubated for 1 h. Then the wells were washed and a biotinylated antibody was added for 1 h. The plates were washed again, and streptavidin conjugated to horseradish peroxidase was added for 10 min. After washing, tetramethylbenzidine was added for color development and the reaction was terminated with 1 mol/l H 2 SO 4 . Absorbance was measured at 490 nm. Values were expressed as ng/ml.
Luciferase reporter assay
The luciferase reporter vectors ( pGL3-FOXF2-3′UTR WT and pGL3-FOXF2-3′UTR MUT) were synthesized by GenePharma. OSCC cells were seeded into 24-well plates and transfected with pGL3-FOXF2-3′UTR WT or pGL3-FOXF2-3′UTR MUT, along with miR-96-5p mimics or miR-NC using Lipofectamine 3000 per the manufacturer's instructions. After transfection for 48 h, luciferase reporter assays were performed with the Promega Dual-Luciferase Reporter Assay System. The relative firefly luciferase activities were measured by normalizing to renilla luciferase activities.
Statistical analysis
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